Introduction We examined the effects of the Great Recession
p. XII, Exhibit ES-3), Medical debt was also growing for those under 65 [10] , especially in the Recession [11] , where those with medical debt were also more likely to forgo needed care than those without such debt (2007) (2008) (2009) (2010) [10] , The number of individuals reporting having any bill problem or medical debt, was up by 15 million from 2005 to 2010 ( [6] , p. XII, Exhibit ES-3) These financial pressures may lead to health-related issues as well.
Financial stressors may be associated with poor quality of life for many. Persons over 50 years of age who were delinquent in their mortgage were more likely to report depressive symptoms than those not delinquent on their mortgages [12] . Unemployment has been associated with poor life evaluation, being worried and being sad during the Recession ( [13] , p. 16, [39] [40] . In addition, poor health outcomes (e.g., higher rates of diabetes and hypertension) have been shown to be higher in firms with higher rates of layoffs or downsizing [14] . In a small study in Philadelphia, individuals undergoing home foreclosure were at higher risk than others in the same community for lacking health insurance and prescription nonadherence due to cost; at the same time, Black individuals were more likely to be in the foreclosure group [15] . Historically, disparities in health, utilization and access, have been present for vulnerable populations. When compared to White populations, non-White populations in the US are more likely to report having unmet health needs, and "to forgo needed medicines" ( [16] , p. 1305).
Examining self-reported health status adults aged 25-74 for the years 1988-2007, Braveman and colleagues found that, when compared to White populations at any level of educational attainment, Black, Hispanic, Native Hawaiian/ Pacific Islander, and Asian populations have higher rates of below excellent/very good health status ( [17] , Table 2 ). Various measures of health (i.e., self-reported health including quality of life, depression, and having depressive symptoms) differ across racial/ethnic groups (i.e., Native American and Alaskan Native populations) [18] [19] [20] .
Racial/ethnic disparities in the proportions of adults who lacked health insurance were consistent across the Recession, even as rates of insurance varied. In 2004, a greater proportion of American Indian (35 %) and Hispanic (35 %) adults under age 65 lacked health insurance than similar non-Hispanic Black (18 %), Asian (16 %), and non-Hispanic White (12 %) non-elderly adults ( [21] , p. 55). The proportion of persons who lack health insurance increased throughout the Recession [22] .
Social Determinants of Health
The social-ecological model proposed by McLeroy et al. [23] and the conceptual framework for action on the social determinants of health proposed by Solar and Irwin [24] both stress the importance of one's environment for health. Individual and community environmental and sociodemographic characteristics play an important role in personal health. An individual's environment includes socio-demographic characteristics of neighborhoods, or states and rurality [25] .
Income, education, and employment are examples of social determinants of health that may be related to health effects in times of economic decline. Minority populations within the USA tend to fare worse in such social determinants. This is true for educational attainment ( [26] [27] [28] , p. 5), health literacy [29] , income ( [27] , p. 13), and poverty rates [30] . Differences in wealth between racial and ethnic groups are closely tied to disparities in self-reported health [31] . Thus, minority adults may be at greater risk of having poor health and have greater barriers in seeking care.
Purpose
The study of past economic crises and population health during these events has been highlighted as a means to better understand and prepare for future crises [32] . We examined whether adverse economic changes from the Recession were associated with adverse changes in health care utilization and health outcomes, and whether these changes were greater among minority populations. We measured whether the Recession and subsequent recovery had differential effects on general health status and cost-related forgone medical care among non-White working-age adults, compared to White working-age adults.
Methods

Population Studied
The target population was non-institutionalized working aged adults (ages We restricted samples to those aged 18-64 years of age. Only observations with complete data for race, sex, education, insurance status, employment status, place of residence (i.e., rural vs. urban), diabetes status, and disability status were retained (1,823,347 observations, with per-year numbers ranging from 214,633 to 287,730; see Table 1 ).
Dependent Variables
The primary outcomes of interest were general health status (fair or poor versus good, very good, or excellent) [34] and forgone medical care due to cost (time in the past 12 months when one needed to see a doctor but could not because of cost).
Individual Independent Variables
Race and ethnic categories are included in our analyses at the individual-level, and are based on the individual's reported preferred race/ethnicity category. Categories include: American Indian or Alaska Native (AIAN), White, Black or African American, Asian, and Hispanic with varying sample sizes for each year under study.
Individual Level Control Variables
Insurance status is included (2005 BRFSS codebook: "Do you have any kind of health care coverage, including health insurance, prepaid plans such as HMOs, or government plans such as Medicare") to assess differences across insurance status.
Income was coded as annual household income from all sources into categories: less than $15,000, $15,000 to less than $25,000, $25,000 to less than $35,000, $35,000 to less than $50,000, $50,000 or more, and don't know/not sure/missing.
The don't know/not sure/missing category was included in analyses to reduce the bias associated with the high rates of failing to report income in the BRFSS (approximately 13 % reflecting the weighted percent taken from BRFSS codebook in 2004 and 2010).
Education was recorded in categories: did not graduate high school, graduated high school, attended college or technical school, or graduated from college or technical school.
Employment status was recorded in categories: employed (employed for wages, self-employed), unemployed (out of work for more than 1 year, out of work for less than 1 year), other (a homemaker, a student, retired, unable to work).
We included indicators of disability and diabetes status in our analysis. This reduces the effect of confounding due to the link between disease/disability status and race ( [35] , p. 1240). Diabetes is more prevalent among Black and AIAN individuals than all other races [36, 37] . The diabetes indicator included all respondents reporting they had diabetes, with the exception of: (1) yes, but female told only during pregnancy, (2) pre-diabetes or borderline diabetes, and (3) don't know/not sure, refused, not asked, or missing. For disability, indication was defined as the response yes versus nonindication no (not disabled), while removing from analyses responses for refused and don't know/not sure.
We used county-level information to ascertain rurality. This information was linked to our individual data via federal information processing standards codes (FIPS Codes) present in both the BRFSS and the Area Resource File (ARF 2010-2011). Urban Influence Codes (UICs) were used to identify rural/urban sub-groups. We specify UICs at 1 or 2 as urban and 3-12 as non-urban (defined as rural in the current analysis). We treat this as a fixed effect at the person-level as this classification is the same for any individual within each county and does not vary within the county. Because BRFSS public use data suppress county identifiers for lowpopulation counties with a population below 10,000, we also include "missing" as a non-interpretable category under rurality, to reduce data loss for multivariable analysis.
Contextual Control Variables
Measures of state socio-economic characteristics related to the Recession may serve as unmeasured confounders between states. We include two state-level characteristics in our fully adjusted logistic regression models: annual poverty rates, measured at the state-level (2010-2011) [38, 39] , and unemployment rate for 2004-2010 derived from the Bureau of Labor Statistics Local Area Unemployment Rates for states [40] .
Analysis
We present results from bivariate and multivariate analyses. In addition to summary statistics, we use logistic regression to assess the likelihood of reporting poor/fair health (versus good, very good, or excellent) and separately reporting forgone medical care in the past 12 months due to cost (versus not). We account for the complex sampling frame of the BRFSS in all analysis using appropriate survey procedure in SAS 9.4 (SAS Institute, Cary, NC). In all multivariable analyses, including those which assess whether differential effects of the Recession were experienced by racial and ethnic minorities as compared to Whites, we included pre-disposing and enabling factors based on our theoretical model adapted from the WHO's Conceptual Framework for Action on the Social Determinants of Health. We also included need characteristics of disability and diabetes status in the model. Our final model included individual covariates as well as state-measured annual poverty rates and unemployment rates (see Table 4 ). Institutional Review Board (IRB) approval was granted by the University of South Carolina.
Results
Population Characteristics and Pre-Recession Differences
Working-age adults tapped by the BRFSS were primarily White individuals followed by Black, Hispanic, Asian, and AIAN adults (see Table 1 ). Table 2 highlights race-based disparities in the social determinants of health averaged across the entire study period (2004) (2005) (2006) (2007) (2008) (2009) (2010) . Individuals reporting the lowest income category (at below $15,000 annual income) included a low of 4.72 % for Asian adults, followed by White (6.47 %), Black (17.43 %), Hispanic (18.95 %), and AIAN adults (19.71 %). Hispanic adults were most likely to report less than a high school education (28.77 %), followed by AIAN individuals (16.17 %, averaged across the study period). Hispanic adults were most likely to lack health insurance (31.71 %) followed by AIAN (27.89 %) and Black adults (21.41 %) in comparison to White (12.30 %) and Asian adults (10.14 %). The highest rates of reporting being unemployed or having diabetes were among AIAN (11.53 % unemployment and 13.70 % diabetes), followed by Black (10.31 % unemployment and 13.30 % diabetes) and Hispanic (8.28 % unemployment and 9.31 % diabetes) adults (see Table 2 ). AIAN individuals also experienced the highest rates of disability at 28.48 %, averaged across the study period. Table 3 ). Asian and White individuals had the lowest rates of reporting forgone medical care across each year of the study period, while Black, Hispanic, and AIAN individuals had the highest rates ( We present predicted probabilities in Figs. 1 and 2 for vulnerable populations. These probabilities are generated from the fully adjusted model with the interaction of race/minority status and were calculated for different racial/ethnic minority groups and White adults while holding all other variables at their reference levels: the lowest income category, lowest education level, unemployed, residing in rural areas, not having disabilities or diabetes, being insured, and at the average value of all continuous model covariates. Table 4 presents the fully adjusted analysis for the interaction of race/ethnicity and the Recession timeline. Changes over time across populations are expressed as the interaction between race and time and are graphically expressed in Fig. 1 . Paradoxically, all groups were less likely to report fair/poor health status during the Recession period, AIAN adults were differentially affected (p<0.05) compared to White adults by the Recession with regard to reporting fair/poor health when comparing prior to the Recession to the post-Recession period. Here, AIAN experienced a lower likelihood of reporting fair/poor health status from prior to the Recession to the postrecession period. Hispanic adults were also differentially affected (p<0.05) as compared to White adults by the Recession when comparing the pre-Recession timeline to the postRecession. Here, Hispanic adults experienced a lower likelihood of reporting fair/poor health status in the Recession than Note: Analysis is weighted for the complex sampling frame of the BRFSS in the pre-Recession. However, Hispanic adults experienced a higher likelihood of reporting fair/poor health than did White adults. No other differences (with regard to interactions) were found, after adjusting for all other terms in the model.
Self-Reported Fair or Poor Health Status
Self-Reported Forgone Medical Care in the Past 12 Months
Due to Cost Table 4 and Fig. 2 present the fully adjusted analysis for the interaction of race/ethnicity and the Recession timeline. When examining changes over time across populations (the interaction between race and time), AIAN adults were differentially affected (p<0.05) by the Recession timeline as compared to
White adults with regard to forgone medical care when comparing the pre-Recession timeline to the Recession. Here, the likelihood of reporting poor/fair health status was lower among AIAN adults from prior to the Recession to the Recession. No other differences (with regard to interactions) were found after controlling for all other terms in the model.
Discussion
Racial and ethnic minority adults (except for Asian adults) were adversely affected by low income, low education, being uninsured, and having higher unemployment rates than White In particular, Hispanic and AIAN adults faced severe disparities followed by Black adults. This is in contrast to White and Asian adults who were relatively less affected by these key social determinants of health. Asian individuals were less affected by the Recession relative to other groups, which may be reflective of measured differences across income, education, and insurance status. For example, Asian adults had incomes higher than that of all other racial and ethnic groups prior to and during the Recession [41, 42] . In addition, half of Asian American adults had at least a bachelor's degree (higher than White individuals at approximately 33 %) and the vast majority of Asian adults (approximately 86 %) had a high school diploma or higher education [43] . Furthermore, Asian individuals had lower levels of being uninsured than all other racial and ethnic groups except for White individuals in 2011 and 2012 [44] . Thus, improvements with regard to these key social determinants of health and access to health care are important factors to consider for policy makers. There were differential effects across racial groups when compared to the pre-Recession time period of 2004-2007 for both self-reported health status and reporting forgone medical care in the past 12 months due to cost. We measured changes from prior to the Recession to after the Recession; however, AIAN adults experienced a lag (i.e., greater change from the Recession to the Recovery) where a sharp rise in fair/poor health status (from 22 % in 2008 to 26 % in 2010) was measured from the Recession to the Recovery. This is also true for forgone medical care, where the rate of reporting forgone medical care rose to approximately 28 % in 2010 from 23 % in 2008. Thus, AIAN adults were particularly affected by the Recession. However, among all racial and ethnic groups, the rate of reporting forgone medical care was higher in 2010 versus 2004. Differences in forgone medical care across the Recession are consistent with previous research that identifies drops in utilizing medical services among minority and White adults including visits to physicians and inpatient visits [45] .
Our analysis adjusts for spatiotemporally clustered events (separated into three periods, pre-Recession, Recession, and Recovery) and across seven years of study. Identifying potential sources for clusters of events is a common theme in epidemiological investigations [46] , However, we include potential environmental/contextual factors for their potential moderating effect on the outcomes of interest. In addition, we have included several years of observation leading up to the Recession in an attempt to improve our "inferential power" regarding our conclusions ( [47] , p. 484).
Moving forward, researchers must identify policies that may serve to lessen the burden of economic downturns. Investigations into state policies should be conducted to determine what, if any, safety nets or coverage options may make a difference for individuals suffering throughout these economic times. In particular, investigations into whether different Medicaid policies for individuals including parents and historically uncovered childless adults [48] may lessen forgone medical care is of key interest to policy makers. The passing of the Affordable Care Act includes plans to expand Medicaid eligibility to millions of vulnerable individuals, as measured through annual income levels for eligibility. Understanding if and how such state policies affect vulnerable individuals' merits further research.
Limitations
The strength of using the BRFSS data is in the ability to identify race/ethnicity into more than the widely used White, Black, Hispanic, and other. Using data from 2004 to 2010, allows us to identify trends across time. This includes a period spanning before the Recession, up to the Recession, during and into the economic Recovery. Such data allow us to identify differences between race/ethnicity and within race across rurality. Our data contain unlinked individuals (not the same across time as with a longitudinal design). The data used in this analysis is cross-sectional in nature; however, we used several consecutive years of data to identify trends across time.
In addition, the data cannot be linked from year to year based on the same individuals. Identifying change over time for specific persons is outside the scope of this analysis. However, the objective was to assess changes in estimates for racial and ethnic groups and not specific individuals over time.
Conclusions
The Great Recession affected the health and utilization of health care for both racial and ethnic minority and White adults; however, racial and ethnic minority populations experienced greater burden than did White adults. Understanding what happened to millions of Americans throughout the Recession is a critical step in the process of identifying targets for future policy makers and researchers. The Affordable Care Act (2010) has measures that may benefit millions of vulnerable individuals in need of medical care, but who may forgo such care due to cost. Understanding whether more generous Medicaid eligibility for working-age adults can lessen accessibility gaps in medical care remains to be seen. Furthermore, the importance of having safety net providers and/or paths to medical insurance for vulnerable individuals (e.g., Medicaid) losing employer-sponsored health insurance during economic downturns [49] is in need of further study.
